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THE ( p , d )  REACTION AT Ep=121 MeV 
J .R .  Shepard*, R.E. Anderson*, J.J. Kraushaar* and J . R .  Comfort** 
Use of the  (p,d) r eac t ion  a s  a spec t roscopic  
t o o l  has been r a t h e r  ex tens ive  a t  low bombarding 
energies  (Ep 50 MeV). The u t i l i t y  of t h i s  
r eac t ion  r e s t s ,  t o  a l a rge  ex t en t ,  on a r a t h e r  
f i rm t h e o r e t i c a l  understanding of both t he  re- 
ac t ion  mechanism and the  approximations which 
a r e  used i n  ca l cu l a t i ng  the  reac t ion  c ros s  sec- 
t i ons .  However, i t  remains t o  be seen whether 
o r  not  t he  standard DWBA t reatment which s u f f i c e s  
a t  t he  low bombarding energies  w i l l  remain v a l i d  
a t  in termedia te  energies.  
Recent (p,d) s t u d i e s  a t  700 M ~ V ' . ~ )  and 
185 M ~ v ~ )  have suggested t h a t  a much more ca re fu l  
t reatment is necessary. I n  p a r t i c u l a r ,  s tudy of 
the  1 2 ~ ( p , d ) 1 1 ~  r eac t ion  a t  700 MeV has shown1,') 
important e f f e c t s  which can be  a t t r i b u t e d  t o  both 
a two-step r eac t ion  mechanism and t o  t he  deuteron 
D-state. Since the  deuteron D s t a t e  e f f e c t s  can 
lo4f 
'*c(p.d)"c 
t, = 121.2 MeV ,,, 
1 2 O  A 
I v CHANNEL NUMBER 
be co r r ec t ly  t r e a t e d  only by using a proper deuteron 
wave funct ion  i n  a f u l l  f i n i t e  range ca l cu l a t i on ,  
t he  standard zero range treatment w i l l  be rendered 
inva l id  i f  such e f f e c t s  a r e  present .  I n  order  t o  
study these  e f f e c t s ,  a proposal  t o  study the  (p ,d) 
r eac t ion  a t  120 and 220 MeV was submitted t o  and 
accepted by the  Indiana Universi ty Cyclotron F a c i l i t y .  
The f i r s t  por t ion  of t h i s  experiment has  been 
completed. 
Data were obtained f o r  t he  (p,d) r eac t ion  on 
12~.58~i, 9 0 ~ rand 2 0 8 ~ b  a t  a bombarding energy 
of 121 MeV wi th  a t y p i c a l  r e so lu t ion  of 125 keV 
(FWHM). The 5%i, 9 0 ~ r  and 2 0 8 ~ b  t a r g e t s  were 
s e l ec t ed  i n  order  t o  minimize two-step processes 
while t h e  1 2 C  t a r g e t  was s e l ec t ed  t o  provide a 
comparison wi th  t h e  smal l  amounts of in termedia te  
energy (p ,d) d a t a  previously avai lab le .  
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Figure 1. Deuteron spec t r a  from the  1 2 ~ ( p , d ) 1 1 ~  r eac t ion  a t  Ep=121.2 MeV. 
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Figure 2. Deuteron spectrum from the  Figure 3. Deuteron spectrum from t h e  
5 8 ~ i ( p , d ) 5 7 ~ i  r eac t ion  a t  E =121.2 MeV. 2 0 8 ~ b ( ~ , d ) 2 0 7 ~ b  r e a c t i o n  a t  Ep= 121.2 MeV. P 
Spect ra  f o r  t he  12c, 58~i  and 208~b(p ,d )  d i f f r a c t i v e  and the  o s c i l l a t i o n s  a r e  ou t  of phase 
r eac t ions  a r e  shown i n  Figures 1, 2 and 3. wi th  those of t h e  p112 o r b i t a l s .  As expected, t he  
Angular d i s t r i b u t i o n s  were obtained between l ab  high momentum o r b i t a l s  ( j  L 712) a r e  d i s t i n c t l y  
angles of 6' and 50' i n  2' s t eps .  Because t h e  p re fe r r ed  i n  t he  (p,d) r eac t ions  a t  t h i s  energy. 
shapes a s  we l l  a s  t he  magnitudes of t h e  angular  
d i s t r i b u t i o n s  a r e  af  f ec  t ed  by both two-step * Universi ty of Colorado, Boulder, Colorado 80301 
processes and deuteron D-state e f f e c t s ,  c a r e  
was taken t o  ob ta in  good s t a t i s t i c s  f o r  even 
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the  weaker t r a n s i t i o n s .  
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d i s t i n c t l y  d i f f e r e n t  from the  sharply  dropping 
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s t a t e s  (e.g. 312- and 112- s t a t e s ) .  Secondly, i n  
a l l  n u c l e i  s tudied ,  t h e  p312 o r b i t a l s  a r e  more 
